Introduction
The plant surface is at the interface between the plant and its atmospheric environment. The cuticle is covered by an inert layer of epicuticular wax which protects the plant from unfavorable conditions, such as frost, drought, radiation and pathogens. It also acts as a barrier to air pollutants (Jeffree, 1986) .
The epicuticular wax of Norway spruce current needles consists of small tubes forming an evenly dispersed wax structure. As a result of natural erosion of the needle's surface, the wax tubes agglomerate, first forming a reticulate and then a plate-like wax structure (Sauter and Voss, 1986) . The life span of healthy needles of Norway spruce varies from 7 to 17 yr (Gunthardt and Wanner, 1982) . Exposure to air pollutants is known to alter the structure of epicuticular wax, resulting in erosion and increased stomatal occlusion (Huttunen and Laine, 1981; 1983; Crossley and Fowler, 1986 (1985, 1986) (Fig. 1A and B (Cape and Fowler, 1981; Huttunen and Laine, 1981; 1983; Cape, 1983; Crossley and Fowler, 1986; Schmitt et al., 1987) . Also, natural erosion due to ageing causes chemical and morphological changes in the epicuticular waxes of the needles (Huttunen and Laine, 1983; Gunthardt-Goerg, 1986) .
Erosion of the epicuticular wax, both natural and that caused by air pollution, probably increases cuticular transpiration (Cape and Fowler, 1981) and accelerates winter desiccation and needle shedding (Lewitt, 1980; Huttunen and Laine, 1983) . Structural degradation of epistomatal wax tubes causes increased stomatal occlusion and potentially inhibits stomatal transpiration, which of course has far reaching physiological consequences on trees (Sauter and Voss, 1986 (UBA, 1985; , the fact that ozone can cause surface erosion in the needles is interesting at least as an intensifying factor in the erosion caused by other air pollutants.
In the current study, the surface changes were most severe in the needles with fungal infection in ambient air fumigation. The fumigation with higher ozone concentrations could be sterilizing. The effect of the ozone fumigation and fungal infection on the epicuticular wax structure seemed to be additive.
Ozone is known to affect the hostpathogen relationships between many plant and fungus species (Weidensaul and Darling, 1979; Dohmen, 1986 (Heagle, 1982) . The fact that lower ozone concentrations might predispose conifers to fungal pathogens is also an important point with regard to stress factors.
